Abstract We report here two cases of autosomal dominant polycystic kidney disease (ADPKD) with renal dysfunction that were treated with tolvaptan. Case 1 was a 47-year-old man with a glomerular filtration rate (GFR) of 17.0 ml/min/1.73 m 2 who received tolvaptan treatment (30 mg/day). After treatment, kidney pain was alleviated, and the estimated GFR (eGFR) decline improved from -9.84 ml/min/1.73 m 2 per year to -4.08 ml/min/1.73 m 2 per year, respectively. The rate of increase in total kidney volume was reduced from 18 % per year before treatment to 4 % per year following tolvaptan administration. Case 2 was a 44-year-old man with a GFR of 22.6 ml/min/ 1.73 m 2 , and the eGFR decline improved from -5.76 ml/ min/1.73 m 2 per year before treatment to -3.12 ml/min/ 1.73 m 2 per year following tolvaptan treatment (30 mg/day). The rate of increase in total kidney volume was also decreased from 10 % per year before treatment to -7 % per year following tolvaptan administration. These results suggested that tolvaptan may be effective in impeding kidney function aggravation and kidney volume increase in ADPKD patients with advanced renal dysfunction.
Introduction
Autosomal dominant polycystic kidney disease (ADPKD) is known to be caused by mutations in the PKD1 or PKD2 gene, which encodes polycystin-1 and polycystin-2 proteins, respectively. ADPKD is characterized by the progressive development of kidney and liver cysts, hypertension, and ultimately end-stage kidney disease (ESKD) [1, 2] . It is already known that tolvaptan can prevent vasopressin-mediated water reabsorption in the kidneys by competitively blocking the binding of vasopressin to its V2 receptors (V2Rs), resulting in aquaresis without changing electrolyte excretion [3, 4] . The disease changes the kidney structure and function through massive growth of numerous fluid-filled cysts and cell proliferation [1, 5] . Higher rates of kidney enlargement and larger kidney volume in Japanese ADPKD patients are associated with a more rapid decrease in kidney function [6] . In the Tolvaptan Efficacy and Safety in Management of Autosomal Dominant Polycystic Kidney Disease and Outcome (TEMPO) 3:4 trial, treatment with tolvaptan for 36 months slowed the increase in total kidney volume (TKV) (the primary endpoint) and the decline in kidney function, and reduced associated symptoms (the composite secondary endpoint) in patients with ADPKD [7] . However, its effect in patients with severe renal dysfunction is not clear because the largescale clinical intervention study was intended for cases with a glomerular filtration rate (GFR) of more than 60 ml/min/ Computed tomography (CT) examination showed enlargement of the bilateral kidneys with multiple cysts of variable sizes including bleeding cysts, and total kidney volume was 3454 ml. Table 1 shows the blood and urinalysis results before tolvaptan treatment.
The rate of increase in total kidney volume was approximately 18 % per year. Renal function was accurately evaluated using inulin clearance, and the GFR was 17.0 ml/ min/1.73 m 2 , thus, he was diagnosed with advanced renal dysfunction. Proteinuria was negative, and the stage of chronic kidney disease (CKD) of this patient was categorized as G4A1. The patient explicitly expressed his wish to undergo tolvaptan treatment for ADPKD, and after obtaining informed consent, tolvaptan was administered at 30 mg/day after confirmation of the absence of serum sodium abnormality and chronic hepatitis. About 1 month after initiation of tolvaptan treatment, the kidney pain drastically diminished. From approximately 1 year before to the initiation of therapy, the eGFR was dramatically decreasing at a rate of -9.84 ml/min/1.73 m 2 per year ( Fig. 1) . After starting the therapy, the eGFR decline improved to -4.08 ml/min/1.73 m 2 per year, and there was a strong correlation between reduction in eGFR decline and improvement in outcome as assessed by regression analysis before and after the therapy (p \ 0.01). The rate of increase in total kidney volume also decreased from 18 % per year before therapy to 4 % per year after tolvaptan administration. However, the eGFR was reduced to under 15 ml/min/ 1.73 m 2 after 7 months of therapy, thus, the tolvaptan treatment was discontinued because its use is forbidden under this condition.
Case 2
A 44-year-old man was diagnosed with ADPKD by his family doctor in 2005. He had a family history of this disease which was inherited from his father. He had hypertension, and was treated by dietary and drug therapies involving enalapril (2.5 mg/day). His blood pressure was 130/80 mmHg. Complications such as brain aneurysm and heart valve disease were absent. Table 1 shows the blood and urinalysis results before tolvaptan treatment.
CT examination showed enlargement of the bilateral kidneys and the liver with multiple cysts of variable sizes, and total kidney volume was 1840 ml. The rate of increase in total kidney volume was approximately 10 % per year. The GFR as assessed by insulin clearance was 22.6 ml/ WBC white blood cells, RBC red blood cells, Hb hemoglobin, Plt platelet, TP total protein, Alb albumin, BUN blood urea nitrogen, Cr creatinine, Na sodium, K potassium, Cl chloride, T-cho total cholesterol, UP urinary protein, OB occult blood, eGFR estimated glomerular filtration rate, GFR glomerular filtration, RBF renal blood flow, FF filtration fractionation min/1.73 m 2 , no proteinuria was observed, and the stage of CKD was categorized as G4A1. After obtaining informed consent, tolvaptan treatment was administered at 30 mg/day. The change in eGFR from approximately 1 year before and after the initiation of therapy is shown in Fig. 2 . After starting the therapy, the decline in eGFR improved from -5.76 ml/min/1.73 m 2 per year before treatment to -3.12 ml/min/1.73 m 2 per year following tolvaptan administration. The rate of increase in total kidney volume was also reduced from 10 % per year to -7 % per year, respectively. Tolvaptan treatment is ongoing in this patient as his condition is stable.
Discussion
The results of the TEMPO 3:4 trial revealed that tolvaptan is effective in alleviation of both kidney function aggravation and suppression of kidney capacity in ADPKD [7] [8] [9] [10] . Health insurance adaptation of tolvaptan has been accepted in Japan since 2014, and it has been considered as a new therapeutic drug for ADPKD [9, 11] . However, its effect in patients with severe renal dysfunction is not clear because large-scale clinical intervention studies were intended for cases with a GFR of more than 60 ml/min/ 1.73 m 2 . Thus, we investigated the effect of tolvaptan treatment on ADPKD patients with advanced renal dysfunction.
It is reported that tolvaptan treatment for ADPKD significantly controls subjective symptoms such as renal pain [7] . Renal pain is caused by the spread of cysts as well as cyst bleeding, infection and kidney stones [12] . In this study, tolvaptan treatment resulted in an improvement of renal pain in case 1. On the other hand, its effect on renal pain was not documented in case 2 because he did not feel any before the therapy. In any case, it is possible that tolvaptan contributes to improvement of renal pain in patients with advanced renal dysfunction.
Tolvaptan decreased both renal function aggravation and increase in kidney volume in these two cases, although they were not completely reverted. It was reported by the Japanese Society for Dialysis Therapy (JSDT) that the mean eGFR at introduction of dialysis in Japan is about 6 ml/min/1.73 m 2 . In the two cases of this study, treatment with tolvaptan was estimated to postpone the start of renal replacement therapy by approximately half a year. In the future, it is necessary to reveal the effect of tolvaptan on chronic renal dysfunction.
Abnormality of the PKD1 gene is considered to contribute to a poor kidney prognosis in patients with kidney disease compared with PKD2 gene abnormality [13] . On the other hand, clinical outcome of patients with kidney disease is known to be variable even among members of the same family [14] . In other words, renal function may be different even in those of the same age and with the same kidney capacity. Renal dysfunction was similar in our two cases, but the mother of case 1 received dialysis at a young age while the father of case 2 did not receive dialysis until he was past 70 years of age. It is not clear if family history played a large role in the outcome of these two patients, thus further investigation is necessary.
Factors that are associated with poor outcome of kidney disease include high blood pressure, male gender, macroscopic hematuria [13, [15] [16] [17] , and increase in kidney capacity, which were all found in our two cases. A recent study showed that rigorous blood pressure control is associated with a slower increase in total kidney volume and no overall change in the estimated GFR as compared with standard blood pressure control [18] . Cyst expansion results in a decrease in renal blood flow (RBF) [19] , and in these two cases, RBF was slightly decreased in comparison to GFR and filtration fractionation (FF) was slightly increased.
Tolvaptan often causes serum sodium abnormality due to its strong diuretic effect. In addition, it is known to cause serious liver damage in around 5 % of treated patients [7] . These adverse effects did not occur in our two cases, but special attention should be paid to the occurrence of these serious adverse effects, especially in patients with advanced renal dysfunction.
In these two cases, we confirmed the efficacy of tolvaptan in two ADPKD patients with advanced renal dysfunction. Despite the low cost-effectiveness [20] , it could be considered as a treatment option for advanced renal dysfunction patients who would like to prolong introduction of dialysis even by a little. To confirm its efficacy for this group of patients, it is necessary to accumulate and investigate more cases in the future. 
